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RESULTS AND COMPARISON OF HALL AND DR DUCT EXPERIMENTS¥

J. Marlin Smith and J. L. Morgan
NASA=Lawis Rasearch Centor
Glevaland; Ohio

Abstract,

Exparimental data from recent tests of a 45°
dlagonal wall duct are presented and compared with
tha rasults of a similar Hall duct, For the
vasults obtained hore 1t 1s shown that while the
peak powar density of the two devices 1s approxi-
mately equal that the diagonal wall duct produces
groater total power cutput dua tu 2ts abidty to
better utiliza the availabla magnatic field,

1. Introduction

In this paper the rosults of racent tests
utilizing a diagonal wall (DW) MHD duct with a
diagonalization angle of 45" are presented and
compared with the results of a stwilar Hal) duct.
The experimants wore vuan in tho NASA=Lewis high
maghatic field stren?th. Hquid=neon=cooled
cryomagnet facility (ref. 1), which has boan
modifiad co vun under vacuum exhaust through the
addition of a larga vacuum tank (vef. 2),

Thig tank allows evacuation of the system to
approximataly 2 psia and has sufficiont capacity
to maintain an exhaust pressuve of Yoss than 1/2
atmosphara during the duration of a § sec run,

11, _Duct Construciion

Hall Dugt

The heat sink Hall duct has been described
praviously (ref, 2), Briefly, {t 1§ made up of §
modules each consisting of 16 ehraular electrodes
clamped by 3 electrically isolated stainless
steal tio holts between 2 triangular electrodes
at each end for a total of 20 electrodes/module.
The copper electrodes are 64 cm wide and
alectrically insulated from ong another by a high
tonperature asbestos gasket 078 cm thick (to
provide the prossure seal), sandwichod betwoan
two 013 cm thick sheets of mica (to provide the
plectrical insulation and moistuve barvige),
Lateral movement of the olectrodos 1s nagated by
throe fibarglass rods inserted Shrough the antire
module,  Five such modules arve used In the
prosent axperiments with 2,22 em thick end
flanges for a total of 102 eloctvodes having a
total length of approximately 78 ¢ The duct s
conlcally bored from a 4,95 cm inlat diameter to
a 12,4 o outlot diameter,

DY Duet,

Tha construction of the 45 DN duct is
philosophically the sawa as the Hall duct, i.e.,
madules clampad with stainless vods and shoan
movemant hegatad by fiberglass vods. The dugt
consists of 4 wodules of 1l electrodes each., The
thicknoss of the electrodes is 1,25 ¢w so that
the segmontation piteh 1s approximakaly twice

that of the Hall duct. The DW duct was also
rastirictad by design limitations to a somewhat
smaller ovarall araa ratio than the Hall duct and
tharafore was conically borad from a 4,95 em inlet
diamatar to a 9.91 cm dianeter at a distance of
52.8 cm from tha entrance. The remaindar of the
duct was kept at this diamgter, Yhe total langth
of the duct was 80,2 cm and it was locatad within
the magnat bore tube so as to bast approximate
tha area ratio of the Hall duct over the active
vegion of the Hall duct. The location of tha two
ducts rolative to the centerling of the magnet
and thetr internal outlines ave shown in figure 1.

J11, _Powar Takeoff Location

It is noted from figure 1 that the power pro=
ducing region for the OW duct s considerably
Targar than that of the Hall duct. This 1s the
rasult of tha maximum power Yocation of the power
laads for tha single load resistance configuration
ugsed in these oxperiments. In figure 2 tha axial
profile of Hall voltage as a function of distance
freom the magnet centerling is showns  In both
gurves the load was connected across the first
and Tast electrodas, This power takeoff location
laads to vegions of power dissipation, as noted
by the nagativa slope of the voltace cupva at the
front and rear of the ducts. Thavefore to obtain
the maxtimum power output with a single load, the
povar takeoffs must be Togated at tha front and
roar min=pax points of tha voltage curva, From
figure 2 1t 1s soon that these points covar a
much largar portion of the wagnetic field region
for the DN duct than for the Hall dugt.

The veason for tha above diffarence 18 seon
gvo? tgg equation for the Hall electric field
ref.

2
!1 R )%m ‘QH;M + Qllﬂ
X A (L4d) 144 (1)

whera A is the cross soctional ared of the duct
and u is tha logal gas velogity, B s the
magnatic Field intensit{. o 1% the electirical
conductivity, a 1s tha Hall parameter, A is the
dimensionless effective voltage dreop, T 1s the
load currant and 4 1s the tangent of angle
betwean the direction of uxB and the plane of the
eloctrode, 1io,, 4 w O foif Hall duct and 1 for
45" DN duct, Therefora,

2
3 1+p H=p(l=ajub
xmn"EWFL] (2)

2
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The min-max point oecurs for for Ey » 0, Coms
paring equations 2 and 3, {t 1s sem that the

(1 + 8) mtiplier of the EMF term for the DY duct
1s greater than the g multiplier for the Hall
duct, Therefore, other things being Jqual, the
fnflection ?Qint for the DW duct will occur at a
lower B field than for the ‘Hal) duct, Hence &
greater portion of the magnetic field region can
be used by the DW duct with a single load
resistance,

Based upon the above considerations, the load
rasistance was connected between elactrodes 12,
13, 14 to electrodes 42, 43, 44 for the DW duct
and between alectrodes 36, 39, 40 to electrodes
90, 91, 92 for the Hall duct,

IV. Lpad Considerations and Power Output

Figure 3 shows the voltage~current relation-
ships for the Hall and DN duct. The slope of
these VI curves, of course, represent the total
interna) impedance of the device, From these
*yrves 1t 1s found that the internal impedance is
19.8 ohm and 29.9 ohm for the DW duct and the
Hall duct, respectively, This difference in
impedance ¢an be shown to be consistent with
theory. The theoretica) value of the impedance
from equation 1 1s taken from the first term on
the right of equation 1 to be

L 2
1 1+
R ow5g2 dx
5;0 ¢ (4)
where L 15 the active length of the duct.

To first order the plasina properties of the two
devices are equal (low power extraction {n both
devices, 1.e., max. enthalpy extraction = 3.5
percents and therefore from equation 4 their
impedances should ratio approximately like

Ruatl . lHan 2 (37.5 em
WHW uﬁ‘aﬁ‘—l.lo‘}s

where the active lengths were obtained from
figure 1. This result compares favorable with
that obtained from the V-I curves, 1,e,,

()

Riatl  29.9 ohm o
Row 19.8 om ™ (6)

In the discussion to follow, a1l of the data
was taken with a load resistance of 11,5 ohm while
for peak power output one wants to match the
internal impedance. The reason for the choice of
11.5 ohm was the present voltage isolation limita-
tion upon some of the instrumentation which would
be exceeded at the upper limits of the magnetic
field strength (5 tesla), This clearly favors the
performance of the DW duct since it is a Jower
impedance device.

In figure 4 the power output of the two devices
is shown as a function of the square of the
B-field. It is seen, as has been previously
observed over a broad range of Hall duct area
ratios {ref. 4), that the power outﬁut of the Hall
duct 1s linear with the square of the meanetic
field. This is also true of the DW duct up to
approximately 4 tesla beyond which the rate of
fnerease 1n power output with the square of the

magnetic field decraases. This characteristic
was also observed for Hal) ducts when the pres-
sure ratio across the duct was insufficient to
provide shock free performance throughout the
duct (ref, 4), For the circled points of the ¥
duct curve the scatter in the pressure data was
sufficient that tha preseace of a shock could not
be datected, Howaver, for the square point
1abeled "Run 564" (the 4 square points on fi?urc 4
represents runs made at the fuel rich oxygen/fue)
ge:gh% satio of 6/1) the presence of a shock was
gtected.

In figure 6 the time dependence of the Hall
voltage is plotted for Run 564, It {s seen that
at a time of between 3.2-3.4 sec there is an
abrupt decraase in the Hall voltage, In figure 6
the axial pressure profile is plotted. The curve
drawn through the circ¢led ﬁo1nts reprasents the
profile just prior to the Hall voltage decrease.
In this case no abrupt increase In pressure is
observed although the adverse pressure gradient
at the rear of the duct could possitly indicate a
weak shock., The square Foints repwysent the
pressure profile after the Hall voltage decrease
and definitely indicates the prasence of a shock
in the netghborhood of electrode 24. This can
also he seen from the Hall voltage axial profile
shown in figure 7. In this figure shock location
corresponds to an “"abrupt" change in the slope of
the voltage profile in the neighborhood of
electrode 24,

The time dependency for the creation of the
shock is due to the buildup of back pressure in
the vacuum tank during the run (the vacuum pump
is too small to maintain vacuum pressure while
the combustor is running). In the early stages
of the run, 1t is suspected that the shock 1s
located at the exit of the diffuser. When the
back pressure increases to a point where there is
{nsufficient pressure ratio across the duct then
the shock moves through the constant area diffuser
and downstream portion of the DW duct into the
conicai portion of the duct (upstream of electrode
33) where 1t can stably attach for the remainder
of the run.

The point labled "Run 564" on figure 4 is the
value prior to the shock induced decrease in the
Hall voltage and represents the largest power
extraction yet attained in our facility repre-
senting 275 kW which is 3.5 percent of the fnput
enthalpy. Also from figure 1t is noted that the

voltage sustained without electrical breakdown
was 90 V/insulator. This represents a substan-
tial increase over the 50 V/insulator value
observed for a Hall duct with similar segmenta-
tion ratio (ref. 1), The Hallduct discussed in
the present paper has a segmentation ratio 1/2
that of the DW duct and no electrical breakdown
has been observed in this duct,

In figure 8 the axial profile of ?ower density
for the Hall and DW duct ig¢ shown. The interest-
ing point is that the peak power densities are
nearly equal and thérafore the higher power out-
But of the DW channel 1s primarily due to its

etter utilization of the magnetic field in the
end regions.



V., Concluding Ramarks

Specific conclusions that may be drawn from

the comparison o” the DW and Hall ducts studied
in this paper {s that;

1,

2,

3.

4,

1. Singly loaded DW ducts can utilize more of
ghatmagnetic field region than can Hall
ucts.

2. Hall ducts are higher impadance devices.

3. Although interalectrode afegtrical break-
down was not specifically studied for the
OW duct voltages of 90 V/insulator were
obtained with no breakdown. This {is sub-
stantially higher than the 50 V/insulator
which was pveviously observed for a Hall
duct of similar segmentation ratio,
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Figure 2, - Hall voltage profiles for determining power takeoff
location,
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